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(54) DYNAMO-ELECTRIC MACHINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To cool a dynamo electric 
machine efficiently by a method wherein a plurality of coil 
slots are provided in the outer circumference of a rotor in 
the axial direction of the rotor with certain intervals and 
subslots which are opened in the bottom parts of the coil 
slots are provided and rotor windings in the coil slots are 
fixed by wedges and a plurality of ventilation paths which 
penetrate from the subslots to the wedges are provided 
in radial direction. 

SOLUTION: A required number of slots 30 are provided 
in the circumferential direction of a rotor 1 and coil 
conductors 34 are housed in them. Subslots opened in 
the bottom parts of the slots 30 are provided. The coil 
conductors 34 are held by wedges 36 so as to prevent 
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the coil conductors 34 from jumping out. Two rows of radial flow paths 33 are provided 
between the coil conductors 34 of each slot 30. Cooling air is sent through the subslot as 
shown by arrows and the coil conductors 34 are cooled. The number of the radial direction 
flow paths is not necessarily 2 but, if the number is too large, the air velocity is declined and 
the cooling efficiency is degraded. With this constition, a large capacity air-cooled type 
dynamo-electric machine can be manufactured at a low cost. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cooling structure of a mass gas direct-cooling type 

dynamo-electric machine. 

[0002] 

[Description of the Prior Art] The rotator of a gas direct-cooling type dynamo-electric machine has the 
coil slot formed in the shaft orientations by which two or more rotator coils or coils are arranged. Two or 
more coils which these coil slot sets spacing to the peripheral face of a rotator body, is arranged, and 
constitute the same magnetic pole are arranged to this alignment at the circumference of a magnetic 
pole, these coils ~ a coil - it is what carried out two or more turn pile ****** of the conductor radial, 
and an insulating layer is prepared between turns. If it energizes from the outside in this coil, 
electromagnetic field will be generated in each magnetic pole. 

[0003] A rotator is fixed to the interior of a coil slot with a wedge, and a rotator edge is fixed with the 
RITENINGU ring of the shape of a cylinder established so that the coil periphery section might be 
touched so that it may not be flown in the coil outer-diameter direction according to the mighty 
centrifugal force by a rotator rotating this coil. 

[0004] energizing in a coil - a coil — joule generation of heat arises in a conductor. Although the 
insulating layer of a coil uses heat-resistant high ingredients, such as a mica, a temperature rise (100 
degrees or 120 degrees) is a limitation, moreover, the coil accompanying a temperature rise - the 
thermal expansion of a conductor gives a big distortion to a coil and a rotator, and causes rotational 
vibration. 

[0005] Then, it cools with coolant gas so that coil temperature may not become high with the structure 
called method counterflow cooling system of a radius like a JP,5-48058,B publication. The coil in a coil 
slot usually prepares the subslot used as the ventilation passage from a coil end in a coil slot pars 
basilaris ossis occipitalis, and it establishes passage in radial [ much ], securing the electric insulation 
during a turn to a coil. A hole is prepared so that it may be open for free passage this passage and a 
rotator outer-diameter side also to a wedge, and it is made for coil temperature to turn into below 
predetermined temperature by passing coolant gas on the method counterflow way of a radius from a 
subslot. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, this structure has the problem to which the 
airflow of the air which flows the method counterflow way of a radius is restricted. Although the 
ventilation head of the method counterflow way of a radius is mostly decided by the outer diameter of a 
rotator, the outer diameter of a rotator is because about 1m is a limitation from constraint of material 
strength. Then, to promote a turbulent flow and to raise heat transfer conventionally, by making 
positively the inside in the method counterflow way of a radius into irregularity etc., has been tried. 
However, it was not that by which a draft loss increases, there is a problem against which the 
temperature rise of the air which flows the inside of passage sets off an improved part of heat transfer 
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the more the more it carries out turbulent flow promotion, and improvement in the actually large cooling 
engine performance is achieved. Therefore, as for the generator by this method counterflow cooling 
system of a radius, generation-of-electrical-energy capacity was used only for the following [ 50MVA 
class grade]. 

[0007] On the other hand, the prime-mover output capacitance of a gas turbine generator is in the 
inclination of an increment every year, and the thing more than 150MVA class will become in use from 
now on. In order to correspond to the increment in this prime-mover output capacitance, large-capacity- 
izing of a generator is indispensable. Since the outer diameter of a rotator is restricted with lm of 
abbreviation in order to hold reinforcement against a centrifugal force as it mentioned above, in order to 
large-capacity-ize a generator, a rotator must be made long to shaft orientations. It leads to making a 
rotator long to shaft orientations lengthening a stator, and since a generator needs precision processing, 
cost will increase. 

[0008] Then, although it is possible to increase generation-of-electrical-energy capacity enlarging the 
magnetism of a rotator, since increase of magnetism is making the current which flows in a rotator coil 
increase, it is unable for the calorific value of a rotator coil to increase by the square of a current, and to 
increase generation-of-electrical-energy capacity with the method counterflow way cooling structure of 
a radius. 

[0009] Therefore, the gas turbine generator needed to be conventionally used for the gap pickup cooling 
system used for the mass machine of 100MVA class, and the hydrogen cooling system which uses the 
pressurization hydrogen of 3 - 5 atmospheric-pressure extent for coolant gas. 
[0010] Since the former performs introduction of coolant gas from a rotator periphery side unlike the 
method counterflow way method of a radius and peripheral speed with a big rotator can be used as a 
circulation pressure of coolant gas, very big coolant gas flow rate and heat transfer are obtained. Since it 
is about 7 times larger compared with air, the thing with the completely same cooling structure which 
the thermal conductivity of hydrogen makes increase the cooling engine performance but is possible for 
the latter. It is rare to be used independently, and it combines and uses these both approach in many 
cases. 

[001 1] However, in gap pickup, about the hole configuration of the entrance section of the cooling 
passage of a wedge, in order to enable it to use the peripheral speed of a rotator as a circulation pressure 
of coolant gas, it cannot but become a complicated form. Furthermore, in order for cooling passage to 
draw coolant gas from an appearance side, to reverse flow from a bore side to an appearance side inside 
a coil and to make it discharge to an appearance side again It does not obtain, machining whose cost it is 
necessary to consider as the circulating flow way which has an inlet port and an outlet, and starts a 
rotator outer-diameter side inevitably as for processing of cooling structure - not depending - There 
was a problem which a manufacturing cost increases sharply compared with punching hole processing 
by punching of the low cost used with the method counterflow way cooling structure of a radius. 
[0012] Moreover, although it is fully fundamentally effective also with the conventional method 
counterflow way cooling structure of a radius, since it is necessary to make the whole generator into 
sealing structure, a special technique is needed in hydrogen cooling, for seal structure. Moreover, in air 
quenching, the peripheral device for carrying out purity management of unnecessary hydrogen is also 
required, and there is a fault which pushes up the cost of a generation-of-electrical-energy entire plant. 
Furthermore, extremely, hydrogen is an explosive high gas and had the big problem that use was 
difficult, in the environment with fire, such as a gas turbine. 

[0013] Thus, with the above-mentioned conventional technique, although it can respond to large 
capacity-ization of a generator, the unit price per generation-of-electrical-energy output has the problem 
which becomes surely higher than said method counterflow method of a radius. 

[0014] The purpose of this invention is to increase the cooling engine performance of a dynamo-electric 
machine of having the rotator which has method counterflow way cooling structure of a radius, without 
raising a manufacturing cost. 

[0015] Moreover, other purposes of this invention are to offer a generator [ large capacity cheaply and ]. 
[0016] 
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[Means for Solving the Problem] The coil slot which the above-mentioned purpose was prepared in the 
peripheral face shaft orientations of a rotator, kept spacing in the circumferencial direction of this 
rotator, and were allotted, The subslot which carries out opening to these coil slot partes basilaris ossis 
occipitalis, and the rotator coil contained by said coil slot, In the dynamo-electric machine equipped 
with the wedge which fixes to said rotator the rotator coil contained by this coil slot, and the radial 
ventilation passage which it is prepared in said rotator coil and penetrated from said subslot to said 
wedge Said radial ventilation passage is attained by preparing more than one crosswise [ of said rotator 
coil ]. 

[0017] The coil slot which the purpose besides the above was prepared in the peripheral face shaft 
orientations of a rotator, kept spacing in the circumferencial direction of this rotator, and were allotted, 
The subslot which carries out opening to these coil slot partes basilaris ossis occipitalis, and the rotator 
coil contained by said coil slot, The wedge which fixes to said rotator the rotator coil contained by this 
coil slot, In the stator which was prepared in said rotator coil and prepared in the radial ventilation 
passage [ which is penetrated from said subslot to said wedge ], and periphery side of this rotator, and 
the dynamo-electric machine which cools by passing air to said radial ventilation passage It is attained 
by having set generation-of-electrical-energy capacity of this dynamo-electric machine to 150 or more 
MVAs, and having set axial length of a rotator to 3.5m. 
[0018] 

[Embodiment of the Invention] The conceptual diagram of a gas turbine generator is shown in drawing 
1 . In a gas turbine generator, the gas turbine prime mover 101 transmits a rotation output to a generator 
102 with a revolving shaft 103. The structure of the outline of an air-quenching generator is shown in 
drawing 2 . After drawing 2 adopts air from the outside and cools, it is an example of cross-section 
outline structural drawing of the open type air-quenching generator discharged outside again. Although 
this type of generator is comparatively used for the thing of small capacity, while structure is 
comparatively easy, there is a fault to which external dust etc. tends to enter the interior of a generator, 
and the enclosed type air-cooling generator of current made to circulate through air inside a generator 
with an air cooler is in use. However, the fundamental structure of a generator is the same as that of 
open type. 

[0019] As shown in drawing 2 , drawing 3 , and drawing 24 , rotation support of the rotator 1 is carried 
out by bearing 3 into a stator 2. A rotator 1 arranges two or more coils 4 which constitute the same 
magnetic pole to this alignment at the circumference of a magnetic pole, and it is fixed to it. The 
centrifugal force committed in a coil 4 is firmly supported [ section / of a rotator edge / hoop direction ] 
in the RITENINGU ring 5 about the shaft-orientations section in the coil slot which set and formed 
spacing in the peripheral face of a rotator. About the coil configuration structure of a coil slot and a 
rotator edge, it mentions later. Between the RITENINGU ring 5 and bearing, a fan 6 is stationed, air is 
adopted from an air-intake 11, and air is sent to a rotator 1 and a stator 2. An arrow head 7 shows the 
flow of air. After a part of air sent by the fan 6 flows to the space between the coil 4 of rotator 1 edge, 
and the shaft of a rotator 1 and it cools (8) and a coil 4, it is discharged by the clearance between the 
rotator 1 called an air gap 9 and a stator 2. On the other hand, the air of others which were sent by the 
fan 6 flows to the space 10 and the air gap 9 of both sides of a stator 2. The air which flowed to the 
former cools the stator-coil edge 10, and with the air discharged from the rotator 1, the air which flows 
the latter flows the duct prepared in radial to a stator 2, and cools a stator 2. The air which came out of 
these stators 2 and its edge is emitted to the exterior as it is. There is also an air-quenching generator of a 
sealing form which does not emit this air outside, but cools with an air cooler etc., and is again sent to a 
fan 6, and this type without worries about mixing, such as external dust, of generator is adopted as a 
comparatively mass generator in many cases. 

[0020] A stator 2 is supported by the stator frame 12, and although this stator frame is not illustrated, it 
is firmly fixed to a foundation. This stator frame and stator 2, and the space of a between also make the 
circulating flow way of air serve a double purpose. In addition, although the sense of circulation of air is 
the forward flow form where a stator 2 becomes a fan's 6 discharge side, in this drawing, there is also a 
reverse flow form which is on a reverse suction side as shown in drawing 3 . In this case, since it must 
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be made for the air which flows to a rotator 1 to have to become a fan's discharge side, the structure of 
rotator 1 edge and a stator frame becomes complicated somewhat. 

[0021] Drawing 4 is the perspective view showing the coil configuration of the rotator edge taken out 
from the generator shown in drawing 24 . In this drawing, the number of magnetic poles is two. In this 
drawing, the RITENINGU ring is excluded for explanation. A RITENINGU ring holds from an outside 
the peripheral face of the coil 4 which projected at the rotator edge from the slot of a rotator 1. The hole 
21 which is visible to the peripheral face of the coil 4 of a rotator 1 is the air discharge hole of the 
method counterflow way of a radius which penetrates the subslot which was able to be opened in the 
wedge 20 which supports a coil 4 to a centrifugal force, and which is mentioned later, and a rotator 
peripheral face. 

[0022] Drawing 25 is the detail drawing of the cross-section structure of the conventional coil slot, and 
shows a part for two slots. A subslot 31 is formed in the pars basilaris ossis occipitalis of the coil slot 30 
which is the crevice formed in the shaft orientations which dedicate a coil 4, and it becomes the 
ventilation passage of the air sent by the fan 6 who showed drawing 1 at it. the width of face of this 
subslot 31 - the coil slot 30 -- a little — width of face -- narrow - carrying out a coil -- a conductor 34 
etc. falls with gravity in a subslot. the coil which dug many long and slender ventilating holes 33 as a 
coil 4 was shown in drawing 26 - although a conductor 34 is what carried out two or more turn pile 
****** radial and not being illustrated between turns a coil — the thin insulation sheet which punched 
the same location as a conductor is inserted, a coil - the centrifugal force committed in the coil 4 which 
consists of a conductor 34 and an insulation sheet is supported by the wedge 36 and the rotator 1 through 
the chestnut page block 35. a coil - a spacer 38 encloses the coil 4 formed by carrying out the 
laminating of the conductor 34 with an ingredient with good electrical insulating characteristics-proof, 
such as FRP, in the chestnut page block 35, a liner 37, and a list, and it insulates with a rotator 1 
electrically, a coil - the method counterflow way of a radius constituted from a hole of a wedge 36 is 
called the method counterflow way of a common-name radius to the ventilating hole 33 of a conductor 
34, the hole of an insulation sheet, the chestnut page block 35, and the list, and a part of air 39 which 
flows a subslot to shaft orientations branches to the periphery side of a rotator 1 through the method 
counterflow way of a radius, a coil - most heat generated with the conductor 34 is removed with the air 
which flows this radial ventilation passage altogether. 

[0023] Large-capacity-izing which sets generation-of-electrical-energy capacity to 150MVA(s) by 
reason which was mentioned above besides making a generator long to shaft orientations with the 
generator using method counterflow way cooling of a radius of the former explained above is difficult 
from the field of cooling, now ~ in order to increase the refrigeration capacity of such a generator ~ like 
the above-mentioned ~ a coil - although what is necessary is just to lengthen the perimeter of the 
ventilating hole 33 of a conductor 34 therefore, it is possible to form irregularity in the interior of a 
ventilating hole 33. However, as mentioned above, now, the draft loss of the gas which flows inside 
increased and the result which the gaseous temperature rise offset and expected that an improved part of 
heat transfer was was not obtained. Moreover, when a ventilating hole 33 is enlarged and the perimeter 
is generally increased, there is a problem that the rate of flow of the gas to which ************ f[ ows 
inside now falls, and heat transfer falls. The gestalt of this operation explained below aims at 
improvement in heat transfer, without reducing the rate of flow of the gas which flows inside a 
ventilating hole 33. 

[0024] By the way, it is in the value and rotator volume which **(ed) generation-of-electrical-energy 
capacity at the rotational frequency at proportionality. The inclination of this proportionality is mostly 
decided by the cooling engine performance. For example, the generators of the conventional air- 
quenching form are about 100m3 and rpm/MVA extent. If the cooling engine performance improves, 
this numeric value will become small. Therefore, if a rotational frequency sets [ generation-of-electrical- 
energy capacity ] to 3000rpm (50Hz) by 150MVA(s), the volume of a rotator will be set to 3 5m. With 
the ingredient which the outer diameter of a rotator is decided by stress which ceases with a centrifugal 
force, and is obtained now, about lm is a limit. If a rotator outer diameter sets to philm, rotator die 
length will be set to 5m. However, since the cooling engine performance of a rotator can be raised 30% 
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or more according to the gestalt of the operation explained below, this inclination can be made into 
below 70m3 and rpm/MVA. 

[0025] For example, 3.5m or less of rotator axial length can attain the generator of the same capacity as 
70m3 and rpm/MVA, then the above for this inclination by 3, i.e., rotator outer-diameter philm, rotator 
volume of 3.5m temporarily. Since the manufacturing cost of a generator is mostly decided by the 
rotator volume, the sharp reduction of a manufacturing cost of it is attained by using the gestalt of this 
operation. 

[0026] The detail drawing of the coil slot cross-section structure which is 1 operation gestalt of this 
invention is shown in drawing 5 . Said ventilating hole 33 is made into two trains in this Fig. (2 **** 
radial ventilation passage). The configuration of this ventilating hole 33 is shown in drawing 6 . The 
configurations of a ventilating hole do not need to be 2 ****, and three trains are sufficient as them as 
shown in drawing 7 . moreover, it is shown in drawing 8 — as — the sense of the longitudinal direction of 
the method counterflow way of a radius - a conductor - even if it is the configuration leaned to the 
direction, as shown in drawin g 9 , many stomata 40 may be dug. 

[0027] Moreover, the location of the ventilating hole 33 of each train did not need to be arranged, and 
may shift forward and backward like drawing 10 or drawing 1 1 . Also in which configuration, as for the 
passage perimeter (perimeter of the passage of two or more holes formed crosswise [ of a coil ]) of said 
all ventilation passage in the array pitch of the direction of a coil of ventilation passage, the increment of 
the passage perimeter of said all ventilation passage becomes large to the increment of the total 
ventilation cross section compared with the case of one hole like before. The draft loss of the method 
counterflow way of a radius can be reduced, and the cooling engine performance can be made to 
increase by this. This condition is based on the following reasons. 

[0028] The airflow of the air which flows the method counterflow way of a radius is decided by balance 
of the head generated according to the difference of the peripheral speed of the inlet port in the method 
counterflow way of a radius, and an outlet, and the pressure loss produced on a subslot and the method 
counterflow way of a radius. Since it is decided by the outer diameter of a rotator, and the bore of the 
inlet port of the method counterflow way of a radius, a generating head is not based on the method 
counterflow way structure of a radius, but becomes fixed. 

[0029] On the other hand, the pressure loss is greatly dependent on the ventilation cross section of the 
method counterflow way of a radius, this pressure loss becomes smaller, as the ventilation cross section 
is large, its airflow increases, and the temperature rise of the air inside the method counterflow way of a 
radius becomes small. That is, if the blast area of a coil doubles, and the same pressure loss compares 
the rate of flow, twice as many airflow as this will flow. Therefore, the temperature rise of the air inside 
the method counterflow way of a radius is set to one half. 

[0030] On the other hand, if the method counterflow way of a radius is set constant [ the airflow of the 
flowing air ], if the ventilation cross section of the method counterflow way of a radius increases, the 
rate of flow of air will fall, and the heat transfer coefficient which is a function of the rate of flow will 
also fall. In this case, it is necessary to lengthen the cooling perimeter, securing the rate of flow, without 
reducing a heat transfer coefficient not much. For example, if the heat transfer coefficient inside the 
method counterflow way of a radius also assumes suddenly the same inclination as the turbulent flow 
heat transfer property of a smooth tube, since a heat transfer coefficient alpha is proportional to the 0.8th 
power of the rate of flow, if the ventilation cross section doubles, the rate of flow will be set to one half, 
and a heat transfer coefficient alpha will decrease 43% by the 0.8th (one half of power). That is, when 
the method counterflow way of a radius is one hole, however it may extend the ventilation cross section, 
the rise of temperature will be caused on the contrary by aggravation of a heat transfer coefficient. At 
this rate, it will be difficult to lengthen the cooling perimeter, without changing a heat transfer 
coefficient, securing the rate of flow. 

[0031] According to this operation gestalt, compared with the conventional technique shown in drawing 
25 , the coil surface area inside the method counterflow way of a radius (perimeter) doubles, without 
seldom changing the ventilation cross section (for example, shown in drawing 5 ). It is set to heat 
transfer Aalpha=( 1-0.43) x2=1.14 expressed with the product of a heat transfer coefficient alpha and the 
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coil surface area A after all, and the rise of coil skin temperature becomes 1/1.14. and a coil - the 
temperature rise of a conductor 34 is the sum of the temperature rise of the air inside the method 
counterflow way of a radius, and the temperature rise on the front face of a coil inside the method 
counterflow way of a radius, a coil - the inside of the average temperature rise of a conductor ~ the 
temperature rise of air - if the rate of the temperature rise on the front face of a coil is equal 
comparatively, according to the above-mentioned operation gestalt, it becomes 50%x(l/2)+50%x 
(1/1.14) =69%, and no less than 31% of temperature rise reduction can be attained. 
[0032] Moreover, in the case of two holes shown in drawing 5 compared with the case where the 
method counterflow way of a radius is one hole, according to the surveyed place, generating based on 
rotation in the flow of the air inside the method counterflow way of a radius which flows the 2nd order 
(spiral style) is remarkable, ****** is checked, the heat transfer promotion by this spiral style is 
remarkable, and the value of the above-mentioned Aalpha had the effectiveness it is large ineffective 
from 1.14. However, about the reason why generating of this spiral style becomes remarkable, it is not 
solved yet. 

[0033] Since generation of heat by energization is not taken into consideration about the above, it 
inquires below, the rotator by this invention - setting - a coil - making **** of the vent hole 33 in a 
conductor 34 into plurality, the cooling area of a radial flow is proportional to the sum total of the 
cooling perimeter of the hole per axial pitch. Therefore, a cooling area can be sharply increased by 
making it two or more trains. 

[0034] On the other hand, since the energization cross section of a conductor decreases and the calorific 
value of a conductor is proportional to the square of current density by increasing the number of trains, 
calorific value increases by increasing the number of trains. 

[0035] For the above reasons, an optimum value exists in the number of trains of a hole, a hole - a hole 
with the case of a temperature rise value optimal as a number and the relation of the overall temperature 
rise of a coil are shown in drawing 12 where it becomes the smallest ~ according to [ are a number and ] 
this drawing - the optimal hole — a number is three pieces. 

[0036] However, if it is 2-4 range, a temperature rise value will seldom change, a hole - if a number 
increases, since a manufacture man day may also increase - a hole - the direction with few numbers is 
desirable, in addition, a ratio [ as opposed to the conductor width W2 of the sum total sigmaWl of a 
hole width Wl for drawing 12 ] — the conductor of sigmaWl/W2 ~ a temperature rise comes to be 
shown in drawing 13 . a hole - a number - 2-4 cases, sigmaWl/W2 are equivalent to 30 - 40% of 
range. 

[0037] by the way ~ even when the number of trains is the same - a conductor — it depends for a 
temperature rise also on the width of face Wl of a hole. The example is shown in drawing 14 . Axes of 
abscissa are the ratio sigmaWl which is a hole width to the width of face of a conductor/W2, and an axis 
of ordinate is the temperature rise of a conductor. As shown in drawing 14 , sigmaWl/W2 have about 
30% of optimal case. However, if it is 20% - 40% of range, the temperature rise of a conductor will not 
change so much. Such a property is produced for the reason explained below. If a hole width is enlarged, 
the draft resistance of a radial flow will decrease and the temperature rise of the fluid inside a radial flow 
will be reduced. Therefore, the temperature rise of a fluid falls. For this reason, the temperature rise of 
the conductor which is the sum of the temperature rise by a part for a temperature rise and heat transfer 
of a fluid falls. 

[0038] However, the energization area of a conductor decreases and calorific value increases at the same 
time the rate of flow of the fluid inside a radial flow will become small and heat transfer will fall, if a 
hole width makes too much greatly. Therefore, the amount of [ by heat transfer ] temperature rise 
increases, and the temperature rise of a conductor also increases. For the above reason, an optimum 
value exists in sigmaWl/W2. 

[0039] the above thing to a conductor — two or more trains — carrying out — a conductor ~ a ratio [ as 
opposed to / in order to lower a temperature rise, there are the optimal number of trains and the optimal 
hole width, and / the conductor width of the sum total of a hole width after all ] — sigmaWl/W2 are best 
to maintain at 30 - 40% of range. When this number of trains and conductor width out of range are used, 



http ://www4.ipdl.ncipi . go .jp/cgi-bin/tran_web_cgi_ej j e 



11/30/2004 



Page 7 of 9 



since cooling may not improve rather than the conventional structure even if it uses this invention, 
cautions are required. 

[0040] By the way, when deciding the number of trains and width of face of a hole, it must take into 
consideration also about the reinforcement of not only cooling but a conductor. Because, although a 
conductor carries out thermal expansion by the temperature rise, on the other hand, it receives a mighty 
centrifugal force in radial, since the thermal expansion of the longitudinal direction of a conductor is 
restrained by the centrifugal force — a conductor — internal pressure shrinkage stress occurs, if there are 
too many trains — a hole — the conductor of a between may be buckled or bending may be produced 
[0041] After all, as small the one of the ratio to the conductor width of the sum total of a hole width as 
possible is desirable in the optimal range, moreover — although this invention is suitable for punching 
processing which pierces a hole for a dice — a hole — if a number increases — the conductor at the time 
of processing — deformation may become large Therefore, little direction of this semantics to the 
number of trains is desirable. Considering a production process, the numbers of trains are two trains and 
it is optimal to make the ratio to the conductor width of the sum total of a hole width into 30 - 40% of 
range, in addition, a hole -- it is not this limitation when not using punching processing for processing. 
[0042] in order that drawing 8 may make the die length of a hole larger than an axial pitch — the major- 
axis direction of a hole - a conductor - it is made slanting to a shaft. The advantage of this invention is 
a point that what is necessary is just to open one hole by one punch, when performing punching 
processing. Therefore, this invention can be carried out even if the punching processing machine used 
from the former does not support a double sequence-of-numbers hole. 

[0043] In the case where many stomata are opened, drawing 9 is a suitable approach, when the press 
pressure of a punching processing machine is not not much large, in this case — even if it attaches — 
drawing 13 and drawing 14 — following — a hole — what is necessary is just to decide a number and its 
axial pitch 

[0044] As mentioned above, since the blast area and cooling area of the method counterflow way of a 
radius increase according to this operation gestalt Although costs peculiar to hydrogen cooling start 
when the improvement in the cooling engine performance according to it can be expected, and the 
manufacture of the air-quenching [ axial length / 150MVA(s) and / rotator ] type generator using the 
method counterflow way of a radius (3, 2m-3.5m) of generation-of-electrical-energy capacity is attained 
and hydrogen cooling types other than an air-quenching type are used Large capacity-ization of a 
generator can be attained controlling the other special cost. 

[0045] By the way, processing of a ventilating hole 33 is possible by punching, the dice with which 
punching carried out the configuration of a ventilating hole 33 — a press — a coil — it is the approach of 
piercing a conductor 34, and there is the description of being easy to perform automation. Although you 
may carry out by machining, of course, the point of a manufacturing cost to punching processing is 
advantageous, as the trouble of punching processing — the time of punching — a coil — the width of face 
of a conductor swells somewhat. When piercing the ventilating hole of the same train especially, the 
problem that the conductor between the trains of a ventilating hole cannot escape from a dice easily can 
be considered. About this problem, if it is made not to carry out punching of the same train to 
coincidence, it is solvable. For example, first, punching is performed about the first train and punching 
is performed to the next about the 2nd train. Or when carrying out punching of two or more ventilating 
holes 33 to coincidence, the dice location of the ventilating hole pierced to coincidence may be shifted 
forward and backward. 

[0046] Coil slot cross-section structural drawing of other operation gestalten of this invention is shown 
in drawing 15 . a coil ~ the method counterflow way 41 of the main radius of the core of a conductor 34 
— adding — a coil — a conductor — it differs from the operation gestalt shown in drawing 5 thru/or 
drawing 1 1 in that the method counterflow way structure 42 of a subradius was formed also in the 
outside surface. The configuration of this ventilating hole 33 is shown in drawing 16 . the method 
counterflow way 42 of a subradius — a coil — the space across which it faced at the conductor 34 and the 
insulating liner 37 is used as ventilation passage, the coil by punching processing although there is no 
difference in the ****** gestalt and cooling engine performance which were shown in drawing 6 — it 
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has the advantage of being hard to produce change of the width-of-face dimension of a conductor, 
namely, this coil - processing of a conductor 34 — a coil - the ventilating hole 33 of the core of a 
conductor 34 is punched previously, and it is made to process the method counterflow way of a 
subradius after it. although a coil conductor width swells somewhat when punching punches the 
ventilating hole 33 of a core, since the method counterflow ways of a subradius including the swollen 
part are processed later — a coil — it becomes possible to keep good [ precision ] the width-of-face 
dimension of a conductor 33. In addition, the number of trains of a ventilating hole or the ventilating- 
hole gross area per pitch of a ventilating hole does not need to be fixed at the whole rotator. Rather, the 
airflow of each method counterflow way of a radius has the inclination which becomes so large that it 
goes to a core as shown in 50 of drawing 17 on the relation to which the pressure loss accompanying 
branching of cooling air becomes small from a subslot on the method counterflow way of a radius in a 
core. Therefore, the coil of the core of a rotator gets cold too much, conversely, the coil of the edge of a 
rotator is in the cold and the problem on which below the limitation of a coil temperature rise overheats 
locally with the coil of a rotator edge produces the mean temperature of the whole coil from things. If 
the gestalt shown in drawing 6 is applied only to the edge of a rotator as shown in drawing 18 , it can 
improve like 51 of drawing 17 and airflow distribution can attain equalization of the temperature 
distribution of a coil there. The possibility of local overheat of a coil disappears by equalization of these 
temperature distribution, the average temperature rise of a coil can be designed near the threshold value, 
and the limit design which does not establish too much temperature allowances becomes possible. 
[0047] Cooling of the rotator coil end explained to drawing 19 and drawing 20 by drawing 4 is 
explained. Drawing (the drawing right is the direction of a rotator center, and down is the direction of a 
shaft center of a rotator) which looked at the spacer 53 which fixes the hoop direction which prepares 
drawing 19 between each coil from the hoop direction, and drawing 20 are drawings which looked at 
this part from the periphery side. In addition, the RITENINGU ring 5 is not illustrated in this drawing. 
Since the rotator coil end is covered with the RITENINGU ring 5, it is difficult the end to apply the 
same method counterflow way method of a radius as the above-mentioned rotator coil. However, since a 
current completely equal to the coil part which generates magnetism effectively also to a coil end flows, 
it generates heat similarly. For this reason, cooling which does not become an increase of cost too is 
required. With the gestalt of this operation, it cools by devising a spacer paying attention to a spacer 
being required between coils 4. 

[0048] In drawing 1 9 , the heights 54 of a spacer touch a coil 4, tell the force committed to the hoop 
direction of a coil 4 to the whole coil 4, and they fix it so that a coil 4 may not move to a hoop direction, 
the coil of each turn — since a conductor is supported by which heights 54 — a coil — a conductor — even 
if it does not carry out adhesion immobilization of the comrade, the configuration of a coil 4 does not 
collapse The bore side of a coil 4 or a spacer 53 separates the space between the coils 4 which a spacer 
53 occupies by the septum 55 with the bore side space of a coil 4. A ventilating hole 56 is formed in the 
location between the corners of the coil 4 with which a septum 55 adjoins each other. On the other hand, 
a ventilation flue 57 is formed between the coils 4 which adjoin the edge of a rotator. When a rotator 
rotates, from a ventilating hole 56, a ventilation head occurs in a spacer 53, the space of a coil 4, and the 
passage that consists of a ventilation flue 57, and air flows, as many arrow heads 58 illustrated, and 
cools the front face of a coil 4. A ventilation flue 57 does not need to be as in drawing that what is 
necessary is just the passage which opens the space and the rotator outside of a spacer 53 and a coil 4 for 
free passage. However, sufficient blast area is taken and it must be made for big pressure loss not to 
have to occur. Although the configuration of the heights of spacer 53 ** does not necessarily need to be 
a configuration as shown in drawing, it is necessary to consider it as arrangement at a configuration list 
which is not resisting to flow. Moreover, the way where the flow of air was made to wind moderately 
can attain equalization of the rate of flow, and can maintain pressure loss at the minimum. 
[0049] Drawing 21 shows a part of cross section of a stator 2 about cooling of a stator. A stator 2 is what 
carried out the laminating of many very thin silicon steel, sandwiches the duct spacer 59 for every 
constant pitch, and is taken as the radial duct penetrated from an outer-diameter or outer-diameter side to 
a bore side from the bore side of a stator 2. The location of the duct spacer of the teeth section of the 
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stator core between slots is shifted at one of the two from the core of teeth. It is made for this direction 
to shift to become alternate in an adjacent radial duct. A slot is formed in the bore side of a stator and the 
stator coil 61 is dedicated. 

[0050] As for the one where the clearance between the stator coil 61 and the duct spacer 59 is smaller, 
since the rate of flow of the air which flows this part becomes earlier than the larger one of a clearance, a 
pressure falls rather than the one where a clearance is larger. Since this clearance becomes large 
alternately by the radial duct which adjoins each other as mentioned above or becomes narrow, the 
differential pressure like several 10 mmAq(s) can be produced between adjacent radial ducts. Next, the 
detailed structure of the slot section is shown in drawing 22 . The stator coil 61 is covered with an 
insulating material 62, is pushed at the pars basilaris ossis occipitalis of a slot with a wedge 66 through a 
spacer 64 at one side of a slot between the stator coils 61 by the ripple spring 63, and prevents the stator 
core 61 vibrating according to electromagnetic force. The slot duct 65 opens for free passage the radial 
duct which adjoins shaft orientations. If there is about 2-3mm of width of face of this slot duct, it is 
enough. Drawing 23 is what looked at the direction of an axial cross section of a stator coil, and the 
arrow head of a broken line shows the flow of air. Since differential pressure has arisen as mentioned 
above into the adjacent radial duct, air flows this clearance and direct cooling of the heat of the stator 
coil 61 can be carried out. This clearance can be substituted for the slot duct 65 if the stator coil 61 of a 
ripple spring-loaded side and the clearance between stator cores are set to 1mm or more. In this case, the 
heat from a stator coil is told to a stator core in the side by which a stator coil touches a slot directly. 
[0051] It is better to make the blast area of a stator center section small compared with a stator edge, in 
order the axial pitch of the radial duct of a stator or the blast area of each duct does not need to be fixed 
at the whole stator and to equalize airflow distribution of each duct rather. 
[0052] By invention described above, the machine size of a generator can be reduced and the air- 
quenching form generator for the gas turbines of low cost can be realized. 
[0053] 

[Effect of the Invention] Since the temperature rise by generation of heat of a rotator can be reduced 
according to this invention, without raising a manufacturing cost, the dynamo-electric machine of a 
reliable mass air-quenching form is obtained by low cost. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The coil slot which was prepared in the peripheral face shaft orientations of a rotator, kept 
spacing in the circumferencial direction of this rotator, and were allotted, The subslot which carries out 
opening to these coil slot partes basilaris ossis occipitalis, and the rotator coil contained by said coil slot, 
In the dynamo-electric machine equipped with the wedge which fixes to said rotator the rotator coil 
contained by this coil slot, and the radial ventilation passage which it is prepared in said rotator coil and 
penetrated from said subslot to said wedge Said radial ventilation passage is the dynamo-electric 
machine formed crosswise [ of said rotator coil ]. [ two or more ] 

[Claim 2] It is the dynamo-electric machine said whose radial ventilation passage is a long hole in claim 
1. 

[Claim 3] The dynamo-electric machine with which the rotator edge made [ many ] the number of trains 
to the direction of a coil of said radial ventilation passage in claim 1. 

[Claim 4] Said radial ventilation passage is a dynamo-electric machine which has the passage in which 
the ventilating hole inside is formed by the rotator coil in claim 1, and the passage in which the 
ventilating hole inside is formed by said coil slot and said rotator coil. 

[Claim 5] The coil slot which was prepared in the peripheral face shaft orientations of a rotator, kept 
spacing in the circumferencial direction of this rotator, and were allotted, The subslot which carries out 
opening to these coil slot partes basilaris ossis occipitalis, and the rotator coil contained by said coil slot, 
The wedge which fixes to said rotator the rotator coil contained by this coil slot, In the dynamo-electric 
machine which was formed in said rotator coil and prepared the radial ventilation passage penetrated 
from said subslot to said wedge crosswise [ said / rotator coil / one ] The dynamo-electric machine 
equipped with the radial ventilation passage which enlarged the increment of the perimeter to the 
increment of the ventilation cross section compared with the radial ventilation passage prepared 
crosswise [ said / rotator coil / one ]. 

[Claim 6] It is the dynamo-electric machine said whose radial ventilation passage is a long hole in claim 
5. 

[Claim 7] The dynamo-electric machine with which the rotator edge made [ many ] the number of trains 
to the direction of a coil of said radial ventilation passage in claim 5. 

[Claim 8] Said radial ventilation passage is a dynamo-electric machine which has the passage in which 
the ventilating hole inside is formed by the rotator coil in claim 5, and the passage in which the 
ventilating hole inside is formed by said coil slot and said rotator coil. 

[Claim 9] The coil slot which was prepared in the peripheral face shaft orientations of a rotator, kept 
spacing in the circumferencial direction of this rotator, and were allotted, In the dynamo-electric 
machine equipped with the subslot which carries out opening to these coil slot partes basilaris ossis 
occipitalis, the rotator coil contained by said coil slot, and two or more rotator coils which extend out of 
said coil slot The dynamo-electric machine which established the heights which touch both the rotators 
coil, and the crevice which forms a gap between these rotators coils in the spacer formed between the 
rotator coils which extended out of said coil slot. 
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[Claim 10] The coil slot which was prepared in the peripheral face shaft orientations of a rotator, kept 
spacing in the circumferencial direction of this rotator, and were allotted, In the dynamo-electric 
machine equipped with the subslot which carries out opening to these coil slot partes basilaris ossis 
occipitalis, the rotator coil contained by said coil slot, and two or more rotator coils which extend out of 
said coil slot The heights which touch the spacer formed between the rotator coils which extended out of 
said coil slot at both the rotators coil, A spacer with a projected area equal [ having the crevice which 
forms a gap between these rotators coils ] to the projected area to the rotator edge of the space between 
said both rotators coils from rotator shaft orientations to a rotator edge, The septum which separates the 
space between said rotator coils, and the space which said spacer shuts with the bore side space of said 
rotator coil, The ventilating hole of said septum which is between said adjacent rotator coils and was 
dug in the corner section of said rotator coil, The dynamo-electric machine with which it was located in 
the rotator edge, and consisted of a ventilating hole the space between said rotator coils, and by the side 
of a rotator periphery, and the gap and said ventilating hole of said spacer constituted the ventilation 
passage by the side of a rotator outer diameter from a bore side of a rotator coil. 
[Claim 11] The coil slot which was prepared in the peripheral face shaft orientations of a rotator, kept 
spacing in the circumferencial direction of this rotator, and were allotted, The subslot which carries out 
opening to these coil slot partes basilaris ossis occipitalis, and the rotator coil contained by said coil slot, 
The wedge which fixes to said rotator the rotator coil contained by this coil slot, In the dynamo-electric 
machine equipped with the radial ventilation passage which it is prepared in said rotator coil and 
penetrated from said subslot to said wedge, and two or more rotator coils which extend out of said coil 
slot Said radial ventilation passage is the dynamo-electric machine which equipped the spacer which are 
formed crosswise [ of said rotator coil ], and is formed between the rotator coils which extended out of 
said coil slot with the heights which touch both the rotators coil, and the crevice which forms a gap 
between these rotators coils. [ two or more ] 

[Claim 12] The stator core which has the method counterflow way of a radius of a large number which 
consisted of laminating silicon steel which has the slot of the direction of a revolving shaft which carried 
out opening, and were prepared in the bore side in the fixed pitch, The dynamo-electric machine 
equipped with the ventilation passage which opens for free passage between said method counterflow 
ways of a radius which adjoin said slot at said slot in the dynamo-electric machine equipped with the 
stator which has the stator coil which carried out fixed receipt, said stator coil, and a corrugated plate- 
like spring inserted in the gap of said slot with a wedge. 

[Claim 13] The coil slot which was prepared in the peripheral face shaft orientations of a rotator, kept 
spacing in the circumferencial direction of this rotator, and were allotted, The subslot which carries out 
opening to these coil slot partes basilaris ossis occipitalis, and the rotator coil contained by said coil slot, 
The wedge which fixes to said rotator the rotator coil contained by this coil slot, In the stator which was 
prepared in said rotator coil and prepared in the radial ventilation passage [ which is penetrated from 
said subslot to said wedge ], and periphery side of this rotator, and the dynamo-electric machine which 
cools by passing air to said radial ventilation passage The dynamo-electric machine which set 
generation-of-electrical-energy capacity of this dynamo-electric machine to 150 or more MVAs, and set 
axial length of a rotator to 3.5m or less. 

[Claim 14] The coil slot which was prepared in the peripheral face shaft orientations of a rotator, kept 
spacing in the circumferencial direction of this rotator, and were allotted, The subslot which carries out 
opening to these coil slot partes basilaris ossis occipitalis, and the rotator coil contained by said coil slot, 
In the dynamo-electric machine equipped with the wedge which fixes to said rotator the rotator coil 
contained by this coil slot, and the radial ventilation passage which it is prepared in said rotator coil and 
penetrated from said subslot to said wedge Said radial ventilation passage is a dynamo-electric machine 
punched so that the ratio of the radial ventilation depth to the width of face of said rotator coil may serve 
as 30% thru/or 40% of range. 
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DYNAMO-ELECTRIC MACHINE 



ABSTRACT : PROBLEM TO BE SOLVED: To cool a dynamo electric machine efficiently by a method 
wherein a plurality of coil slots are provided in the outer circumference of a rotor in the 
axial direction of the rotor with certain intervals and subslots which are opened in the 
bottom parts of the coil slots are provided and rotor windings in the coil slots are fixed by 
wedges and a plurality of ventilation paths which penetrate from the subslots to the 
wedges are provided in radial direction. 

SOLUTION: A required number of slots 30 are provided in the circumferential direction of 
a rotor 1 and coil conductors 34 are housed in them. Subslots opened in the bottom parts 
of the slots 30 are provided. The coil conductors 34 are held by wedges 36 so as to 
prevent the coil conductors 34 from jumping out. Two rows of radial flow paths 33 are 
provided between the coil conductors 34 of each slot 30. Cooling air is sent through the 
subslot as shown by arrows and the coil conductors 34 are cooled. The number of the 
radial direction flow paths is not necessarily 2 but, if the number is too large, the air 
velocity is declined and the cooling efficiency is degraded. With this constition, a large 
capacity air-cooled type dynamo-electric machine can be manufactured at a low cost. 
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r y ^*-ri> m^t-itffiz- tz®$mmz}5 \, ^x . 
«uiBxn-y biz. mv&omz*m>iindmfflzmMt 

iis&mi 3] mmTcothfflmmjjfaizmf t>ti. z<d 
nm^conmxfaizvmzw* ->xmmi Ltz ^-ov^u 

•y bt, c\tit>coa 4 JUXa >y bm®izffln-$-&V-7~X 
4>n. Metr^D 7 h*^BUfB^X-y^KiI-rS^ 

&=ft . mumttfamm$mzQ% zm.-tz tizx^ 
x&tozfiom&mmiz&^x. zcvmmmmcmm® 



(3) 



#i¥9-285052 



iS-l 5 0MVAJ2Lhi:U HMB^)«|*£- 3 . 5mfcl 

*'rtiijaee»i:&«ifcimiKiiait*i^'r. wia^s*- 

msSES&*S<7>Jt#3 0%7bM4 0%cOgEBh3r& J: 3f£?L 
[00 0 1] 
[0002] 

3^/UXn y h^Jfo. ^ix^rJ-f;^Q-y MilSC? 

i*i6a>f;w4, n -< jismfa£¥t£jj&nzm*- >m 
&-mtex&m.Ltzi>cr>x\ ?-v^z\±%mm*wn 
h . zn*4.Mzwmii»i»Mmtt t ^ti^'ttcomm^z 

[0003] ae> 3 j Mmss-f-tfmkth^b iz&& 

&k%&>£tfJlzJ: -?Xz\4 )V9m)i$\\ l zmi Zti%^£ 
o lz. EME^Hia -f )VX a >y h rtSRtOx -y 

ti. ®ttwm± a a wmmzm-t h x 3 t=.m? t>ti 

[0 0 04] rj-f /HCJlB-rSittJ: 0^-f;^#:tc 
liy'a-yH^A^CS. 3^;Uoffe^/f{i;v>f 
<OW»MtWKV^JRS:flfflf «J&<. 1 0 OJg*^(il20 

[0005]f^t. #^F5-4 8 0 5 8^«l5tt 

j: 3 *¥&#i*i8»astfr5« t mitt* mmzx . 3 

W a >y h tfco 3 4 MtM^ 3 4 n -y > Jggp £ 3 
-f;«g)57&^oa®gi[g§i:^<| > ^7'Xp-y hSr^t. 3 

[0006] 



S^tCioTasESrfllitL. ftfiettrtlJiS-e-* Z btf 

m£<5 omv A®mmy.Tcot>cDizLfrm^L>tix z% 
co o o 7 ] -^r. ^ - 1- y3mm<vmmm&jj& 

mi^imwffipttzh*) . 1 5 0MVA&JiLL 

&t>%\,\ ®mTzmjjfaizM : <i-&zbi±mfe i i L $:-gk 

[O008] fit. HHg?-<7)K**^# < -TS It T- 
[ <D 0 0 9 ] Z<7)tzib. m&. 10 0 MVAtW^l 

^ai^xt= 3~ s^Kw^mmfcrnzm^hKmsm 

[ o o i o j mmit. ftfttf^woxtiz^ziffam. 

<%fc#=firj3i3a5&^a]^<oiraiE*fc Lxmrnx-zztz 
^ mfox±*%&mtfx$mbm&m&nkti&. m 

i^mx$>&. ztih. m%<?yt>m±. smx-m^^tt 

[001 1] L*»L***fe, ^f»/rt7^777T 

wmm&tiiWtfwffimBEjjb lt^ij^-c-^ h i 3 tz 

^&tzMznw%Blz%^ig-&£ t>tz^ ftm 

mmt. tis&tfxzfmmfrbmz 3 a >vnmzxn% 
wfrwmm^drjiZKnzitmwmMizmtii $ 



owcnnrin. , id 
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[0012] 4fc, *SHSSTCtt* «*Wtfl!3»W)*fi 

£fletf> n x h L±lf hXfiitfb h. S *= s **« 
fe6T*«3SttOiSv ^ttT* 9 , * - t>=5r i: OA 

&mmx'inm&wmTb ■£> t \ ^a aiana**: ' 

[0013] CIO J: a fc. ±SfiS3fEft»Tti. 3%miSO 

■fcSJi'fccjaWiBT'* h toco, ^maiTj^^ d«m 

[0014] *«^oaw«i. ¥&#fo8HH»fr8l»i!£ 

S*=S:fl««**lflW& i i: left S ' . . 
[00 16] 

fit »tatE tTt n -f /kx o -y h i: , Ztl £>0 d-i jUX, 

fcriRw § tiK®m^mt:mimm=Fizmfe-t& ^ <y 

EMftMlteiM-vC. iiuf2¥@2rftjIJll8SS&{4. HuieHJIS 
^ISofefrfrtc^tfct&jTl. £ t lz£ <omi&i5tiz> . 
[0017] ±IEfl!lO@fW4. GMR^WflflSlftfrfofc: 

LJt3-<;Pxcj.y ht. Ztlt><V34 Jl-xn-y MggBfc: 
Sat^t/^n y hi , IfflB^-f/^n -y MclRlfiS . 
titz®$z=mi&t ion -i >vxu y h izWsHZtitz 

mm^mmz mi®m?izmfet& »>x -y , tuts® 
&=mmizmvt>ti. mttyxv-v bfrt>fmv± y 

iK«tS03&®£4£ l 5 0M VAJ^Lhi: U EWk^OW 
^£3. 5mtU^hCJ: D5iJ££;ft&. 
[0018] 

Hi (iZjfx?— t' y^mSOSfct: 

i o i imsm i o 3 fc 4 o Engm* 102c 



«*flBiSI<o— OTTft !». 70fgm^f4Jt!$W 

[00 1 9] H2. 03at^'H2 4(C^-rj; otc, 01k 
•?1(4. X-r-^24«(ci6g3fcJ:oTIIIiK3d^$ti. 

iz&}<m'kjjiz^ Wf^iz-o^-cu. mw^co^vmm 

Izfim&te^XBl&Ltiaj )VXxs y hlzx. tUte^ 

u<7)mj$\mz^>\ ^xiiVT-yrv 5 izx^mi^z 

<f Jlfcio V>T <4fiB^ & . 'if- >^ 'J y ^ 5 i: W^O 
ratfi. 7r^6SriESLSm]DlAJPl 
»?AixlH]lK^l±3j;l/X7 i -r5'2{=^^jlS„ ^EP7 

rat;^X (8) % ^4)V4*<§n\^zmzx.T*?*rvV° 

-9 2 OMfflOO^ra 1 0 t^T^V -y 79 (Cd£h.§ . ff 

#kaDh.^^Mi^-r— ^3-f;u-a^i5i o^^ait. 

2 iz^zxmizmfKy? h&m*ixx"r-? 2 

Sr?#a-rS„ Clix^X^— ^2te±(Z/-eoSg^Srai7t:S 
^.{i^l-SP^i; -?-co^ 4Stta$ix-5> . £:«D2E«fc fl^Wctfe 

tc{^(-gP<DS^OiiAO'^K* { ^ra * i o ^ >f 7°o^m 
[0020] 7f — ^ 2 (iJXf — ^ ^ A 1 2 {C <£ ^ 

•r- ^ 2 i: raoSSJi . £.5\cr>V§m%m t . % 

Bi>h&. £o*§#, iswb?--'i fcssab.&ffijwi s 7ry 
1 ffigpfc itfx^-^ 7 ls—J*<r>ffimft i £'J>-m&( / z%: 
[002 1] H4 (4. H 2 4 K*tIW> ^>JX 0 £B $ 

ix^ 0teiss5co n i £^~?mmmx'$> h . t o 
la^tJWT; js.fls(42o-r$>i». r^ianiRH^tf5/i«> 
u r- ^ ^ f >-^(4^v v •>!> . w^r-y^vyy 

)va <Mmm*9mfrt?$m?& . em^f i o=j ^4 



<JP 4nQ?R.«vn«;i>A ,\\ 



(5) 



ftBH¥9-2 85 05 2 



[0 0 2 2] H2 5ii. $&h<F>H )VXUv hcoffiffiffi 

WifakZte&ZtltzW&X'h h -34 )VXU «y h 3 0 0)m 
SPic{i s t7'xn 7 h3 laWftttfeft, Hl^L/c7 

o>y h 3 1<9HI£. rJW;PXa-y b3 0 «t 9 t^igO 
Sfe < L . 3 -f /l^tt 3 4 =5: o >y h tcfcfc fc «k 

oT^I^>jii^:^J:d^-3Tl^. rM/Mti, H2 
6Ci§iiSJ;o(:, ^iO«B^V>Mja7L3 3^^r>3t 
3>f;Wif|s3 43&<, ¥ffifrffl(cm*->S;MBfaTJB 
fi£ Ltz l> OT, ? — yiafcrliEK* LTV^5r^#rM ;l^t 

't^ti . ? 'J^-^n-y ? 3 5 S-^LT<>X7 x'3 6 

flfca-f/MJi. ?'J^-y7n^3 5, 3 
7. XI— 9-3 8ti, FRP^rt'oil^ii 

£. 3-f;^#:3 40jia7L3 3. ^^-h<50?L. ? 
U ^-y7D 7 ^3 5, MtAc . ->x 7 y3 6 OTITIS 

•9-^ u >y h *«rfri6ifc:S6h.4ffl» 3 9 ^HW^^PSfr 

coo23] PxtmRLtzm^tmxfaffimtiiWzm 
faiz£ : <-t&\&'Uz¥m®mz i 5 oMVAit* i.a 

< s n-f;W»flc3 4<0i!JR?L3 3<?D«UI*S<'t*tfcrJ: 

^?t«)^iiJa?L3 3^i*jg|jk:[ge,^^-f§C 

»^>tc=Sr3&»ofe.- ifc, — Wtmz^ jIfityL3 3£*#< 
tlh^fa<7)ffiM1)<i&T LX L 4 v >S«£ai3&HSW* i: V * 

^rana***. &Tizmmt&*m&cD]&m.iz. mmn 
33<vftmz^&mk(Dffi,m*{gn : Zit&zb%<m 

[ o o 2 4 1 1 z hx\ $mmM.z®m$t;x'mLtzmt 
®&?fmizi±tmfflmz& & , z ottimmmiffl, 



LfctfoT. SMESiflSl 5 0MVAT. ®3gg<#3 0 
OOrpm (5 0Hz) 0lg^)flcBKi 5 m» 

o , mm$t>tihmwx'inm 1 m^iarc* 

& . WtiFFtt&ff* lmftZt HUFFS § ti 5 mfc^r 

X\ i^ie§r7 Om 3 • rpra/MVAWTCtS; 

[0025] <RfcC<043S* 70m 3 - r p m 

/MVAttiilf, ±IBi:PI«OS*cof6«^^[HllK^ 

3 . 5 m&Tcaas-es s . ^m^^Mit^x b 

[0026] H51L *»HB^>— SUB^B-C** n ^ 
xn-y hKffiffijt<7)pfflllSr^-r. ^MStfe^T, Bala 
MM7L 3 3 £ 2 LT v (2 5iJ?L^5*f6]ii®»S 

8§) . zcr>mmii3 3mm£m6i,z5jk-f. m&TLwB 
mt 2 mjiTh h -amits: < > m i t^-r x oiz3 mx- 

t> «t v>. £ iz „ 08 fc^-T J; a fc^PffifiriftiaMS^)^* 

9 tC^K-TJ; o t,Z$,$tcr>'W4 0 Sr^oT t> J: V^. 
[0027]ifc, #?iJcoa®!l3 3<7)&Wimz.Z>& 

m±%<. mi ottzimi Kvxoizmmz-ftix^ 
xh£\,\ ^-?ti<mvuzt5^xi>. mmumwrnmi 
fiwmw -/ *ftt,zh &mxcomimm3m<7>%mm% 

[0028] miri4SKK»SIUl«aA^Aftl2« 

>y K t . f7"Xn >y htJj: t/^f5^[t|»iES&T'^ t S 
SJIW^ yxtl 4 h . >y H{±. 0fe-?iOWI 

[0029] Kmi*mj}faw&<mmmmiz 

oaaffiw^ 2 ssati . n tEmx-im-ti 
t2fe<r>mmi) i %$}i&. vt-ox. ^HSjrmatBrtajT-w 
1/2^1.. 

[0030] -^T. WttfamMZmi&^CQBM.tf 



■•1 
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6 t . JKHsSffiSt a t i . 8GS<o 0 . 8 m lz OMt h co 

x\ mmmm&tf 2 mtttMmstff 1 / 2 t,z% 9 , m 
Bmmm.au < 1/2) coo. ssitm 3%m^bxt 

jMUBfBBI^ffTt, J»fiJMHft<?MBfl:fc:J:-,T, *» 

srw«u***4>. ?*eai«ft*s!i-f fc?«ais«ss< 

[003 1] **JB^JBfcJ:ntf (Mi if . H5Jc*L 

*4 0§fiei^, *s*i*i8mp«e«o3>f;p«iiffli (jg 

A<?M«-C«Sii4J»fiJtA a = ( 1 - 0 . 43)X2 = 
1. 14t4"3, 3-f^BSIiaKO±#(il/l. 14 

S±#co3r£>T\ 2£m«0iajS±#cogiJ^-i: s =M;Uf|ffi 
oT5 0%x ( 1/2 ) +5 0%x ( 1/1 . 14) = 

[ 0 0 3 2 \Ji.tz. *&jTtbim.m&—Kcr>t§r&lZtt'<. 
X. m 5 lZ3jkLtz~7zcr)t&&T'l l ±. mMLtzbZZizX 

tin, ^*®ms%ftBX'nQ&nmtitf®mizi> t*i 

flSSSfu ;mn-f ^MftlcJ: ^fsSfeffiitfrll^T-ft 
0. _LKA«coffi(±: 1. 1 4<fc 9i*:#<3:.g>$& ; g|#^ 
fto7'i. ffiL, Mite. Z<nx/W ^SEcoH^^i;: 

[0 0 3 3] l2Lht=o^Tiiii«tcJ:-6JB!!l*#j»LT 
Tti. rj-f ;u^#c3 4 ^fctt-Siiap 3 3coflJfJ£:a|& 

ZttfX'%&. 

[0034] -3\ *|R£Ji*-$-£ lei oT*gEflcc7)3I 
WBrBSWtfMi^U *tt«03IS!aUi s tts^JKcogStfc 
itffif&<DX\ m&*W*TZ t (Z i ->T»»*lii|ttll 

[0035] OhfOcfc 3 fcSfibfc J: 0 , ?l«>WRfc«* 

it. 01 2tc5rtJ:dfc:iBK±*ffi^)«t/jNS<^s* 

£**ft«$r?LftT\ £*)ElfcJ:*tf* s *»fi:fl»tt3ffl 

X'foh. 



[003 6] L&i,%wt>. 2~~4immmx;htim& 

BLt&mitfot fljfcFgKfcfcfc, Mil 

Iifci£< fohcryx-. ?Ufc^5r^3r#jff£ 
U\ ft s 01 2£?L^Wlco^ff-2Wlc02WMIW2 
fcW £ W 1 /W 2 ?a*ftiftftJbJK2H i 3 (3S 

3 0-4 O^OlEBfltCfflS-*-*. 

[ o o 3 7 ] t z?>x\ vmwm tx-t . #^as±# 

{i?L^)teW l tcifife#-ri» . m 1 4 (c-ecO-CTar^-r. 
fifWti, #ffrtO<it^f S3UiOJtSWl / /W2T\ ^ 

1 /w 2 (4 , 30 %m&<wtetf*mx*g> h . fc« l . 

2 0%~4 0%C0®fflT-*ix(f. ^*coag±#(i$(3 
b^h^\ Zco&oftftmi. WFtzmK^MMz 

JlSfil^'M^t, 7vT/U7a-|*lg|5-C-c0gSft:t0^± 
[0038] b*>L*A«6, , ?LS* I ^:^<*Uf¥ft 

z w i /w 2 ^{isina^^fe-r § . 

[0039] ia±0£ Uttf^iJlsL-e^ 

^> fLteO-^-gt(0##:i|ifc^ri)JtZWl/W2{i, 3 
0—4 0 %<50ISffl^(Rotf0*<e t J: v> . z <0iEHHc0?iJ 

it X 0 1 ?^fi]*i(S]± ti^rl fc ft' "3 » & cOTliS//^ 
ST'ftS. 

[0040] tw5T\ fL^ftat^H*aift$fc&tC 

trsr^*v». nmch. mmmBLtrnzx-ixmrnm 

'C^ «t o T#*oi^^[flitfM)yKgjW^ $ ix^» co 

^■tfts. 

[0041] fumQGmmm&ti'iitii* 

<7)^-|tcO#^^^^-r £Jt£r. 3 0-4 0 %c7)igffl^-T 

so*«ia-cft&. Jltoxiz^yi-y7'toi.zm"> 

[0 04 2]EI8{i. fi^b-vf-iOtyLcO^S^^c 
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Ltzi><DT$>&. ^o&SaHj&tt. ^yf-y^iux^ 

[ 0 0 4 3 ] H9tt. 'Ml£%mffllftim&X\ )^y^- 
& . £ ^(COV ->T ti . H 1 3 S.VH 1 4 

[0044] m±cox o iz, ^mm&mizxtiis . 
:mcjfct^9tttgofr±#\E^, ^m^a*u 50 

M V A . EHfrFltt£j&* 3 , 2 m- 3 . 5 m (WS^faSS 

[0045] 6T\ il®?L3 3<0jnXt±, 
^teioTWC&S. ^f^^Ji. il®?L3 3<7)^ 

j f-y7tujLW#mT$>&. ^y^-y^iaiLcor^m^t l 
x. n^tkzmzxj jmtfccrffiw&'j?ffiL > t}. mz^ 
m km <?mbjl* n-hik< iimTL^j^^^ 

■towel*. PJt^iJSrlsiBtt^'yf-^^L^^J; 3£ 

•O^f-V^fctrvv ^&#'t3fS2<«;:-o\,vc^V 
■f-^fcfrd. ifctt. ttifc03i®fL3 3£|3jB#^N°y 

*s-y?-?hi%&\z\$, mmzn-h*k<mmfi<vyj x& 
mimmz^t>Lxi>±\\ 
[oo46]sii5{;. *¥tm<7M<7)mmmn-n a >v 

Xa-y hBrfflfltiliaSrTjcf. 3^;i^#;3 4<7)4M><7)± 

:*ri«8»«3ft4 2 *»WTtiS*<H 5M1 1 1 Iztk Ltz 

-T. S"J i l £ @^-[6l»fLSS4 2{i. 3^#te3 4tl&ii^ 
3 7-Ctt4*ifcffilS!£iIJB8illi: LTffl^&kOT 

3 4 <7)jDXte . 3 4 /i^ft 3 4 o4"t«<oiiafL 3 

3£ft£§mu *^*fc-c, amefirisiaHkoirai'sr 

a i a . 4>'i>SBOffl®?L3 3 Sr^yf-y^kiJ: 



=&^S^I»IgSK<?)Jiy|{i. Hi 7 05 0 t^-r i o 

m: m i 8i:^t i a ^im 6 ic^ s ix7t^si^ iuik^ 

tfO*aH^)*teMffl-«itf» SM^tiHl 7^5 ico J: 
Sit . £ <affl£#ft<*>J%— ftfc. =k 0 a A ivco 

[0047] 01 9feiVH20t. H4tCTSJBflL^ 
0^ 3^;ny F co^ffltcoi ^ t tfjaj-r !> . Hi 9 
l±» *3-f/Mafc:Stt-Bfil*-|6l*Hsrr4X^— 9-5 3 

f6]* J HIlK^£7)fft4"t^l6]) . H2 0(iitf5as^-&«.SBI 
3& s 4>s.fcHT'**. i^a. z\comx'ii.V7--y7'vyy5 

y yy sizx-? xmfrtix ^cox-mmcomm.^ 4 iv 
a >^ttt£<mL^nrfo&mvhcDx\ mmtzmt 
-^-A^i^T'^ hz\t izms lx . x^-y-zjm-t&z. 

kl,z£*))$m-f2>i>cDT$>&. 

[0048] il9CfcV^, XL—- 9-^CigP54(irJ 

^f*ctfSx „ ^ -f ;P4 A^^rfij^llj^v^ a tsi^-r 

<Tt. 3^;k4^«^n^,^t{i^^. 3-f;l^4 
4 9" 5 3 C7)rt@ffl!l(±. PI^ 5 5 T'X^— 5 
3 ^ -4 )VA comcOgfflZ: „ n -f ;U4 <7)F*]@1I3£ 

ISfc^llf*. P1M5 5<7)l^0-^an-fyl-4^rj-^— 

*t; i» | 5-s-a3-f;i'4coiafciia»5 7&»»t&. m 

y-5 3t?4)V4V>Qffit. iUBK5 7l:a»6$rS«a» 

Jtiatsiiis 3-f;u4^a^^fi]-r^.o jijas§5 7 

{±. X^— 9" 5 3 i: 3 ;W4 co^RjU EBWH!8*ifil 
ti Ll +^^iiJiffi« Sr 0 . ± # jimiktffttk L 
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ES : ?2<Ottllr1B<0— »*^Lfct^>T-ft*. S^2 
•yf^fffc:^ hX^L— 9-5 9 £$;z^ H^2C0|*)g|R| 

[00 5 0] iSf3^^6Uy^h^- 9-5 9*9 

fcttHC, R^d^^nftl^MB-^RlOminAqll 
-Xu-y h^omffl&flfjt^-f. BBS^a-Ol^ 1(4, 

*&f£%6 2T*av\ >j yr/pxry >y h 

^-1f6 4£IIl5£^rM^6 KOHfc^L 

T\ i<0R«aSS»3&«S£h.. H£ ; 5P3</P6l0>JI!Hfcl[ 
»»*T** t *Py?^?l*6 5tt>J y77kX7*>J 

>y<m<rm^--=i^)ve 1 tiasBTarioBwai* 1 mm 

=f- 3 a -y h tcg[«Sf-t & ffl grii . H5g-?3 ^ ;u 

[00 5 1] Wl^CD¥1£%fay? hVWfJjfaV-yi-t 

[ o o 5 2 j ia±as^Jt»sfc J: o > swrao^ytf- 

f 00 53] 



[si ] ^mziz&tfxf-t'yzmmwffii&wM® 
imw-thmxhh. 

[H 2 ] .*%ww-mmcomMt,zi%z>3mMcD-£mnm. 

I 0 3 ] 0 2 OftttfliOffllOffitt £Srr0T£> a . 

ess] *9tm0-mi&mto&Msima 4**991 
uz ®m=¥-e>mm®mmx'b s . 

&v&m®>ii<7>micD—M*mi-t&mx'$>2>. 

±5 (t i. iiji,?i^iea<7)ffl(7)0ij ^tsiBj^- ^ mx'S) i. . 
[08 3 xmin-mMwMmiz&h&maj/imkiz 
i5it&mmi<DEiwe)z t>izMe>M&mit&mx'$> 
s. 

h. 

[0ii3 *mko- mM<mmtrz{%&$may( jumfo 
izmf^mmiimmcom^m* mn-th mx$> . 

[01 23 mw<^mmmmmte4m& 

[0143 mfo<7>mmzi&&fma4j\*$tti 

[015 3 *¥m<?)M<DnmcDBm<,z{&&ftMa4*£ 

[016 3 01 5om«^£HM§*xft#!83 4/^flj 
<^3l®?L<^gES<?DiJiB>10T'J> S . 

[0173 \smTiz& it&^KtimmmcoMjffom 

Mft*i*7frt18mX'2>h. 

[0183 ^tcfl&tfJSIlt^flRtcffiS.WKa 

[0i 93 *&mzm h mk^m®<rxznmm:wm- 
hwmxhh. 

[02 03 01 9l,ZmLtz®fc?i&l l zt5tfZ>%m.^4 
[02 1 3 *^BJ^4H^co^ai«jtS:ittaH-rs«i 

[ a 2 2 1' si 2 1 «me^ (s*j(t i^d^ ^naBiTM 
mx'bh. 



(9) 



ttBPP9-2 8 5 0 5 2 



[02 3 ] 02 20®S^XO -y h<0f¥«BSfctri6]|SrBP 

etc**. 

. 

[025] ^<amfrfiffl®E&<^2Mi££^Lft@ 
$e^x a -y h Og|5#SrBi?W&0T'*> £ . 

[02 6] m&coRmzj ^wnmminwmx'h 

■£>. .; 
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